Background {#S0001}
==========

Colorectal cancer (CRC) is the third most common cancer and the fourth most common cause of death by cancer globally.[@CIT0001],[@CIT0002] In China, it is the fifth leading cause of death due to carcinoma, accounting for approximately 376,000 new cases and 191,000 deaths per year. Systematic screening and surveillance in asymptomatic patients can reduce the incidence and mortality of CRC. During the past 20 years, the incidence of CRC has stabilized or started to decrease in several high-income countries (e.g., USA and eastern Europe),[@CIT0003],[@CIT0004] probably because of the common use of colonoscopy for screening tests. However, rapid increases still occur in areas with poor healthcare (e.g., Central and South America and the remote countryside in China).[@CIT0003],[@CIT0005]

CRC often develops over more than 10 years. Conventional adenomas and sessile serrated polyps are the most common forms of cancer precursor lesions,[@CIT0001],[@CIT0006] following a multistep process of cancerous sequence. Detection and removal of these precursor lesions may prevent the development of cancer and reduce mortality.[@CIT0007] Synchronous neoplastic lesions, such as dysplastic adenoma and intramucosal carcinoma, are usually present when patients undergo preoperative colonoscopy examination or postoperative review within 6 months. This situation, called tumor multiplicity, is highly common. Synchronous lesions may be due to an interaction of numerous risk factors, including male gender, advanced age, medical history of colon polyps, tumor location, and tumor stage.[@CIT0008],[@CIT0009] Usually, the risk of developing a metachronous CRC in the five years following curative resection of the tumor is about 2--12%.[@CIT0010] However, CRC patients with synchronous neoplastic lesions are at increased risk of developing metachronous adenomas or cancer compared to those without synchronous lesions. Nevertheless, few studies have been published on the clinicopathological features of synchronous lesions, especially those of synchronous advanced neoplasia. The primary aim of the current study was to describe synchronous neoplastic lesions and advanced neoplasia in patients with CRC based on histological classification, size, and location. The secondary aim was to determine whether there were any risk factors for the development of advanced histology.

Materials And Methods {#S0002}
=====================

A retrospective evaluation was conducted in 578 consecutive patients who underwent resection for primary CRC in the Second Hospital of Shandong University (Shandong, China) between January 2014 and December 2017. A review of the database was approved by the medical ethics committee on June 16, 2018. The methods were carried out in accordance with the relevant guidelines and regulations. All personal information had already been anonymized and de-identified to protect patient privacy. For these reasons, the study protocol was exempted from the need for informed consent from its participants. This study was conducted in accordance with the Declaration of Helsinki. All pathological sections were reviewed and confirmed by a single pathologist to avoid inter-observer differences. The exclusion criteria were patients in whom CRC occurred in the context of familial adenomatous polyposis, inflammatory bowel disease, or Lynch syndrome, those who were lost to follow-up, and those with incomplete clinical data. In addition, patients in whom bowel preparation was poor and not adequate to detect lesions \> 5 mm during coloscopy examination were also excluded. CRC cases without synchronous neoplastic lesions were registered but not enrolled in our study.

Patients enrolled were stratified into two groups depending on whether they presented synchronous advanced neoplasia. Synchronous neoplastic lesions were defined as the presence of adenomatous polyps, serrated polyps, and colorectal carcinomas on preoperative colonoscopy examination or postoperative review within 6 months. Particularly, in patients with synchronous colorectal cancer, which means more than one primary colorectal tumor was detected in a single patient at diagnosis, the most advanced/deepest tumor was considered as the index cancer and other lower-stage tumors were labeled as synchronous lesions. Hyperplastic polyps, which has an extremely low risk potential of developing CRC, and other non-adenomatous/non-serrated lesions were not considered in our study. Advanced adenoma was defined as an adenoma ≥ 10 mm in size, villous histology, high-grade dysplasia, or any combinations thereof. Advanced neoplasia included advanced adenomas and cancers.[@CIT0011],[@CIT0012]

Family history and clinicopathological information of each patient were obtained from treatment records. It is important to note that in synchronous CRC, the clinicopathological characteristics of the index cancer were used in the analysis of each patient. Personal parameters recorded included: a) age; b) gender; c) history of smoking and alcohol consumption; d) tumor markers; e) the use of aspirin at a frequency of at least 2 times a week for 1 year; f) fecal occult-blood tests (FOBT) using immunohistochemical methods; g) medical history of first-degree relatives (FDR); h) operation method, from which we selected for patients who had undergone radical resection of the index cancer; i) location of index cancer, namely the proximal colon, distal colon, or rectum, which were defined similarly to other studies[@CIT0013]-[@CIT0015] with the cecum, ascending colon, hepatic flexure, and transverse colon defined as the proximal colon and the splenic flexure, descending colon, and sigmoid colon classified as the distal colon; j) size of index cancer according to the maximum diameter of the tumor which, to facilitate statistical analysis, were grouped into \< 50 mm and ≥ 50 mm; k) tumor stage, according to the Union for International Cancer Control tumor-node-metastasis classification;[@CIT0016] and l) grade of tumor differentiation ([Figure 1](#F0001){ref-type="fig"}), namely well-differentiated adenocarcinoma (Well), moderately differentiated adenocarcinoma (Mod), poorly differentiated adenocarcinoma (Poor), mucinous adenocarcinoma (Muc), signet-ring cell carcinoma (Srcc), or squamous cell carcinoma (Scc); and (m) size of synchronous neoplastic lesions ([Figure 2](#F0002){ref-type="fig"}), namely diminutive (1 to 5 mm in diameter), small (6 to 9 mm), or large (≥ 10 mm).Figure 1(**A**) Pathology image of well-differentiated adenocarcinoma; (**B**) Pathology image of moderately differentiated adenocarcinoma; (**C)** Pathology image of poorly differentiated adenocarcinoma; (**D**) Pathology image of mucinous adenocarcinoma; (**E**) Pathology image of signet-ring cell carcinoma; (**F**) Pathology image of squamous cell carcinoma. (×200).Figure 2(**A**) White light image of diminutive polyp (3 mm in diameter); (**B**) White light image of small polyp (8mm in diameter); (**C**) White light image of large polyp (15 mm in diameter).

Statistical Analysis {#S0003}
====================

Statistical analysis was performed using SPSS version 25 (IBM, New York, NY). The quantitative variables were compared using the Kruskal-Wallis tests, while qualitative variables were compared by means of the Chi-square and Fisher's exact tests. A P \< 0.05 was considered statistically significant.

Results {#S0004}
=======

During the 4-year period, 578 consecutive patients with primary CRC were identified in the database. A total of 151 patients were excluded for known familial adenomatous polyposis (n = 3), inflammatory bowel disease (n = 2), being lost to follow-up (n = 42), incomplete clinic data (n = 51), or poor bowel preparation (n = 53). In addition, 166 patients without synchronous neoplastic lesions were registered but not enrolled in the study. Thus, 261 patients constituted the basis of this study, of whom advanced neoplasia was documented in 87 patients (33.3%) ([Figure 3](#F0003){ref-type="fig"}). The presence of synchronous colorectal cancer was confirmed in 20 patients (7.7% of the total; 16 with 2 tumors, 2 with 3 tumors, and 2 with 4 tumors). The clinicopathological characteristics of the patients enrolled are detailed in [Table 1](#T0001){ref-type="table"}. The compared analysis showed that older age (P = 0.04; odds ratio (OR), 2.75; 95% confidence interval (CI): 1.02--7.46) and male gender (P = 0.001; OR, 2.92; 95% CI: 1.50--5.70) were associated with the presence of advanced histology in CRC cases with synchronous neoplastic lesions. Meanwhile, the use of aspirin may be associated with a lower incidence of advanced neoplasia (P = 0.04; OR, 0.40; 95% CI: 0.17--0.96). No significant differences were observed with other variables, such as history of smoking and alcohol consumption, FOBT, and size of index cancer ([Table 2](#T0002){ref-type="table"}).Table 1Clinicopathological Characteristics Of Colorectal Cancer Patients With Synchronous Neoplastic Lesions Included In The StudyCharacteristicCRC Patients With Synchronous Neoplastic Lesions (n = 261)Age (years) Median ± SD (range)64.1 ± 10.4 (34--89)Gender, n (%) Male189 (72.4) Female72 (27.6)Operation method, n (%) Colonoscopic resection36 (13.8） Laparoscopic surgery50 (19.2) Laparotomy operation175 (67.0)Size of index cancer, n (%) \< 50 mm133 (51.0) ≥ 50 mm128 (49.0)Tumor stage, n (%) 035 (13.4) I29 (11.1) II109 (41.8) III78 (29.9) IV10 (3.8)Differentiation grade, n (%) Well/Mod178 (68.2) Poor42 (16.1) Muc38 (14.6) Srcc2 (0.8) Scc1 (0.4)[^1] Table 2Clinicopathological Characteristics Of Synchronous Advanced Neoplasia And Non-Advanced Neoplasia GroupsFactorAdvanced Neoplasia Group (n = 87)Non-Advanced Neoplasia Group (n = 174)PAge, n (%)**0.04** \<50 years5 (5.7)25 (14.4) ≥50 years82 (94.3)149 (85.6)Gender, n (%)**0.001** Male74 (85.1)115 (66.1) Female13 (14.9)59 (33.9)Tobacco, n (%)31 (35.6)52 (29.9)0.35Alcohol, n (%)31 (35.6)60 (34.5)0.85CEA level (ng/mL), n(%)0.14 \<10.075 (86.2)160 (92.0) ≥10.012 (13.8)14 (8.0)CA19-9 level (U/mL), N (%)0.87 \<39.078 (89.7)158 (90.3) ≥39.09 (10.3)16 (9.7)Use of aspirin, n (%)7 (8.0)31 (17.8)**0.04**Fecal occult-blood tests, n (%)0.26 Positive19 (21.8)28 (16.1) Negative68 (78.2)146 (83.9)History of FDR with CRC, n (%)0.69 Yes3 (3.4)4 (2.3) No84 (96.6)170 (97.7)Size of index cancer, n (%)0.86 \<50 mm45 (51.7)88 (50.6) ≥50 mm42 (48.3)86 (49.4)Tumor stage of index cancer, n (%)0.67 014 (16.1)21 (12.1) I9 (10.3)20 (11.5) II35 (40.2)74 (42.5) III26 (29.9)52 (30.0) IV3 (3.4)7 (4.0)[^2] Figure 3Patient flowchart.

A total of 812 synchronous lesions (with an average of 3.1 per patient) were recorded, as shown in [Table 3](#T0003){ref-type="table"} with histological classification, size, and location. Specially, 571 adenomatous polyps accounted for 70.3% of all lesions, while serrated polyps and synchronous carcinomas accounted for 26.5% and 3.2%, respectively. When classified by size, diminutive polyps made up 66.7% of all lesions and small and large lesions made up 20.2% and 13.1%, respectively. [Table 4](#T0004){ref-type="table"} shows the characteristics and location of 146 synchronous advanced neoplasia (with an average of 0.6 per patient). There were 120 advanced adenomas, of which adenomas ≥10 mm in size, villous histology, and high-grade dysplasia comprised 62.3%, 21.9%, and 32.2%, respectively. In total, 23 well-/moderately differentiated adenocarcinomas and 3 poorly differentiated adenocarcinomas were confirmed by histology, and no mucinous or signet-ring cell features were found in synchronous carcinomas.Table 3Histological Classification, Size, And Location Of 812 Synchronous Neoplastic LesionsCharacteristicSynchronous Neoplastic Lesions (N = 812)Proximal ColonDistal ColonRectumTotalHistological classification, N (%) Adenomatous polyps171 (21.1)26(32.3)138 (17.0)571(70.3) Serrated polyps128 (15.8)79 (9.7)8 (1.0)215(26.5) Carcinomas5 (0.6)10 (1.2)11 (1.3)26 (3.2)Size, N (%) Diminutive237 (29.2)20(25.1)101 (12.4)542(66.7) Small51 (6.3)81 (10.0)32 (3.9)164(20.2) Large16 (2.0)66 (8.1)24 (3.0)106(13.1) Table 4Characteristics And Location Of 146 Synchronous Advanced NeoplasiaCharacteristicSynchronous Advanced Neoplasia (N = 146)Proximal ColonDistal ColonRectumTotalAdvanced adenoma, N (%)^1^ Size ≥10 mm15 (10.3)58 (39.7)18 (12.3)91(62.3) Villous histology14 (9.6)12 (8.2)6 (4.1)32 (21.9) High-grade dysplasia11 (7.5)23 (15.7)13 (8.9)47 (32.2)Cancer, N (%) Well/Mod7 (4.8)9 (6.2)7 (4.8)23 (15.8) Poor2 (1.4)1 (0.7)3 (2.1)[^3][^4]

At last, we tried to identify the number of synchronous lesions per patient in different locations of the bowel ([Tables 5](#T0005){ref-type="table"} and [6](#T0006){ref-type="table"}). The results revealed that both synchronous non-advanced lesions and advanced lesions developed most frequently in the distal colon, followed by the proximal colon, and were least frequently found in the rectum (P \< .001). When comparing the locations of the index cancer, a similar conclusion was drawn.Table 5Comparison Of The Location And Number Of Synchronous Non-Advanced Neoplasia Lesions Among Index Cancers With Different LocationsIndex Cancer (n)Synchronous Non-Advanced Lesions, N (Mean)PProximal ColonDistal ColonRectumProximal colon (56)51 (0.91)50 (0.89)28 (0.50)0.231Distal colon (84)86 (1.02)94 (1.12)50 (0.60)**0.032**Rectum (121)130 (1.07)129 (1.06)48 (0.40)**0.000**Total (261)267 (1.02)273 (1.04)126 (0.48)**0.000**[^5][^6] Table 6Comparison Of The Location And Number Of Synchronous Advanced Neoplasia Lesions Among Index Cancers With Different LocationsIndex Cancer (n)Synchronous Advanced Neoplasia, N (Mean)PProximal ColonDistal ColonRectumProximal colon (56)8 (0.14)19 (0.34)3 (0.05)**0.011**Distal colon (84)18 (0.21)28 (0.33)16 (0.19)0.734Rectum (121)11 (0.09)31 (0.26)12 (0.10)**0.005**Total (261)37 (0.14)78 (0.30)31 (0.12)**0.000**[^7][^8]

Discussion {#S0005}
==========

There is a high probability of synchronous neoplastic lesions, including conventional adenomas, sessile serrated polyps, and less frequently carcinomas, in CRC patients when a tumor is diagnosed.[@CIT0009],[@CIT0017] It has been postulated that the presence of synchronous lesions indicates a personal predisposition to tumor multiplicity and a high risk of developing metachronous CRC. In surveillance studies, patients with advanced neoplasia are more likely to develop interval advanced lesions and cancer compared with patients without advanced lesions at baseline colonoscopy.[@CIT0018] A study including 7863 individuals diagnosed with CRC revealed individuals diagnosed with CRC in the proximal colon and those with synchronous CRC were associated with an increased risk of metachronous CRC.[@CIT0019] Two previous studies revealed that the incidence of synchronous neoplastic lesions in patients with CRC were 33.0%[@CIT0009] and 54.5%.[@CIT0008] In our study, the incidence rate was 61.1% (261/427), higher than those in previous studies. One possible explanation is that endoscopic techniques have advanced dramatically in recent years; accordingly, the adenoma detection rate has had a remarkable increase. The higher incidence rate reported in our study may also be attributed to the differences in genetic background, including race. The cohort in this study was mostly of Chinese ethnicity. The 4-year study also included 36 patients who underwent endoscopic submucosal dissection (ESD) for early CRC; most of the tumors were stage 0 and well- or moderately differentiated. To our knowledge, the present study constitutes the first investigation specifically enrolling patients with early CRC who had undergone ESD surgery to evaluate synchronous neoplastic lesions. In the series by Pinol et al, mucinous histological type and stage II were linked to tumor multiplicity. Similarly, our results revealed a higher proportion of mucinous histological type and stage II tumors than other subtypes in patients with CRC.1,[@CIT0002]

Size has long been recognized as one of the most important markers of the potential of the adenoma to develop into cancer.[@CIT0020] Adenomas are considered advanced on the basis of size alone if they are 10 mm or more in diameter (also called large adenomas). Although diminutive (1--5 mm) and small (6--9 mm) polyps comprise 90% of detected lesions, there is evidence that more than 99% of diminutive and small adenomas are benign.[@CIT0020] The risk of showing features of advanced lesions such as villous histology and high-grade dysplasia within diminutive and small polyps is low and has been shown in recent studies to be between 0--4.3% and 1.1--13.6%, respectively.[@CIT0021] In view of that, Lieberman DA et al have suggested using size as an alternative marker for advanced adenomas to the exclusion of subcentimeter polyps.[@CIT0022] The American Society for Gastrointestinal Endoscopy (ASGE) Technology Committee proposed the approach of documenting diminutive polyps with a high-resolution photograph, followed by a resect-and-discard or diagnose-and-leave strategy.[@CIT0023] A previous study involving 13,992 asymptomatic adults who underwent screening colonoscopy revealed that diminutive polyps and small polyps made up 62.6% and 20.0% of all polyps, of which advanced adenomas account for 1.1% and 1.3%, respectively.[@CIT0018] Our cohort indicated diminutive polyps made up 66.7% of all polyps, of which 5.0% were advanced neoplasia, and included 4 cancers. Small polyps made up 20.2% of all polyps, of which 23.8% were advanced adenomas, and included 7 cancers. In all, 9.3% of diminutive and small adenomas were advanced neoplasia, and 45.2% of synchronous advanced lesions were subcentimeter polyps. In other words, diminutive and small polyps in patients with CRC would harbor neoplasia more likely to progress to malignancy compared to the general population. Therefore, we hold the opinion that the strategy of dealing with diminutive and small polyps in patients diagnosed with CRC deserves further study.

It is well-known that most CRCs develop from the distal colon and rectum (78.5% of CRCs were located in the distal colon and rectum in the present study). Nevertheless, that does not mean we can neglect the detection of lesions in the proximal colon when a tumor is diagnosed in the distal colon or rectum. From the present study, 29.9% of adenomatous polyps and 59.5% of serrated polyps were found in the proximal colon. Meanwhile, 40.1% of synchronous non-advanced neoplasia and 25.3% of advanced neoplasia were located in the same segment of the bowel. When comparing the number of synchronous lesions per patient in different locations of the bowel, the results revealed that both synchronous non-advanced lesions and advanced lesions developed most frequently in the distal colon, followed by the proximal colon and were least frequently found in the rectum. However, the lesions in the proximal colon are often overlooked or missed by the endoscopic physician. Several studies have showed that patients who develop cancer after colonoscopy are more likely to have cancer in the proximal colon than in the distal colon.[@CIT0024],[@CIT0025] This could be due to poor bowel preparation, failure to fully examine the proximal colon, features of serrated polyps (flat or oblong, often covered with mucus and are thus difficult to see), the skill of the endoscopist, and variable quality of colonoscopy.[@CIT0011]

Older age and male gender have been confirmed as risk factors accounting for most cases of CRC.[@CIT0001],[@CIT0020] A research enrolling 3558 persons who underwent post-mortem examination between 1985 and 2004 revealed that the prevalence of adenomas was 1.72% for people in the third decade of life; this was increased to 3.59% for people in their fifth decade, with the incidence increasing sharply after 50 years of age.[@CIT0026] Several studies also showed that male gender is a risk factor for the development of synchronous lesions and increases the risk of malignant features of these lesions.[@CIT0008],[@CIT0009],[@CIT0020] In the compared analysis, both older age and male gender were more common in patients with synchronous advanced neoplasia. In contrast, the use of aspirin seemed like a preventive factor of forestalling the development of advanced polyps in patients with CRC. One plausible explanation is that aspirin could inhibit cyclooxygenase-2 and induce apoptosis in adenomatous tissue.[@CIT0027] In a series of studies, RCTs designed to examine the impact of aspirin on the development and recurrence of colorectal adenomas, have provided the efficacy of aspirin chemoprevention. Four trials repport long-term daily aspirin treatment can reduce the risk of recurrent adenoma and advanced adenoma among individuals with a high risk of sporadic CRC.[@CIT0028]--[@CIT0031] However, the the Japan Colorectal Aspirin Polyps Prevention (J-CAPP) trial showed that no overall association between aspirin treatment and adenoma recurrence, but provided evidence of an interaction between treatment effects and smoking status.[@CIT0032]

The main limitation of the current study was the likelihood of population bias. Being a single-center study, the population may be biased with respect to genetic background, which may be particularly important for the incidence of synchronous neoplastic lesions. Secondly, we did not record in detail the information on the quality of bowel preparation, as well as the exact withdrawal time for each patient. Finally, we did not account for a family history of polyps. As the veracity of family histories of polyps in our treatment records was likely to be low, we decided to focus only on family histories of CRC in FDR.

Conclusion {#S0006}
==========

In summary, the risk of diminutive and small polyps progressing to malignancy in patients with CRC was likely to be higher than that of the general population. We should take a more cautious approach to synchronous subcentimeter polyps. A high proportion of synchronous neoplastic lesions and advanced neoplasia developed in the proximal colon. Patients diagnosed with CRC require detailed clearing of the remainder of the colon at baseline coloscopy or postoperative follow-up examination. Older age and male gender were associated with an increased risk of synchronous advanced neoplasia in patients with CRC, while the use of aspirin seemed to be a preventive factor.
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[^1]: **Abbreviations:** CRC, colorectal cancer; SD, standard deviation; Well, well-differentiated adenocarcinoma; Mod, moderately differentiated adenocarcinoma; Poor, poorly differentiated adenocarcinoma; Muc, mucinous adenocarcinoma; Srcc, signet-ring cell carcinoma; Scc, squamous cell carcinoma.

[^2]: **Abbreviations:** CEA, carcinoembryonic antigen; CA19-9, cancer antigen 19--9; FDR, first-degree relative; CRC, colorectal cancer. Chi-square or Fisher's exact tests was used for comparison between two groups, significant P values are shown in bold.

[^3]: **Note:** ^1^A total of 42 adenomas had more than two advanced histopathological features, of which 12 adenomas were ≥10 mm in size and had villous histology, 15 adenomas were ≥10 mm in size and had high-grade dysplasia, 7 adenomas had villous histology and high-grade dysplasia, and 8 adenomas had all 3 features; 15 synchronous colorectal tumors were confirmed to be ≥10 mm in size.

[^4]: **Abbreviations:** Well, well-differentiated adenocarcinoma; Mod, moderately differentiated adenocarcinoma; Poor, poorly differentiated adenocarcinoma; Muc, mucinous adenocarcinoma.

[^5]: **Note:** Kruskal-Wallis tests was used for comparison among groups, significant P-values are shown in bold text.

[^6]: **Abbreviations:** N, number of synchronous non-advanced neoplasia lesion; n, number of patients.

[^7]: **Note:** Kruskal-Wallis tests was used for comparison among groups, significant P-values are shown in bold.

[^8]: **Abbreviations:** N, number of synchronous advanced neoplasia lesions; n, number of patients.
